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7KH LPSODQWGXUDELOLW\DPRQJRWKHUSDUDPHWHUVGHSHQGVRQ WKHYHUWLFDODQGKRUL]RQWDODPRXQWRIVXUURXQGLQJ
IL[LQJERQHVXEVWUDWH,QWKHXQVXFFHVVIXOFDVHVGXHWRSHDNWHQVLRQVWKHUHDSSHDUVUHVRUEWLRQVDQGO\VHVRIWKHERQH
VXUURXQGLQJWKHGHQWDOLPSODQW
7KHDXWKRUVDLP WRDQDO\]HE\PHDQVRIDPRGHUQRSWLFDOQRQFRQWDFWH[SHULPHQWDOPHWKRG WKH 9LGHR ,PDJH
&RUUHODWLRQ9,&WKHELRPHFKDQLFDOSKHQRPHQDDQGVWUDLQGLVWULEXWLRQRFFXUULQJLQVLGHWKHIL[LQJVXEVWUDWHJLYHQ
E\WKHGLIIHUHQWVWDJHVRIGHWHULRUDWLRQRIWKH IL[LQJVXEVWUDWHVXUURXQGLQJWKHGHQWDOLPSODQW
,Q WKLVFRQWULEXWLRQDUHSUHVHQWHG WKHH[SHULPHQWDO V\VWHPIDFLOLWLHV WKHRULJLQDOFRQFHLYHGH[SHULPHQWDO VWDQG
UHVSHFWLYHO\VRPHSUHOLPLQDU\UHVXOWV
 7KHSURSRVHG LQYHVWLJDWLRQ PHWKRG
7KH DXWKRUV EDVHG RQ WKHLU SUHYLRXV H[SHULHQFH VWDUWHG WKHVH LQYHVWLJDWLRQV LQYROYLQJ DPRGHUQ QRQFRQWDFW
RSWLFDOPHWKRGWKH 9,&>@,WV 'YHUVLRQIURP,6,6\V*PE+.DVVHO*HUPDQ\V\VWHPSURGXFHUDQGWKH
&RUUHODWHG6ROXWLRQ&RPSDQ\86$VRIWZDUH SURGXFHU >@
7KLVV\VWHPRIIHUVERWKWKHGLVSODFHPHQWILHOGDQGWKHFRUUHVSRQGLQJVWUDLQILHOGDORQJDOOWKUHHFRRUGLQDWHD[HV
ZLWKWKHVDPHDFFXUDF\XSWR  ȝP
2QHFDQDOVRPHQWLRQ WKDW WKHV\VWHPSUDFWLFDOO\HOLPLQDWHVDOOGLVDGYDQWDJHVDQG OLPLWDWLRQV RI WKHPRVWXVHG
FODVVLFDOH[SHULPHQWDOPHWKRGV
0DLQO\ WKH V\VWHPFRQVLVWVRIWZRYLGHRFDPHUDVIL[HGRQDYHU\ULJLG$OXPLQLXPURGPRXQWHGRQDYHU\VWDEOH
DQG ULJLG WULSRG ILJ 'HSHQGLQJ RQ WKH UHTXLUHG DFFXUDF\ WKHVH FDPHUDV FDQ EH ZLWK ««  0SL[HOV
UHVROXWLRQ
$PRQJ WKH PDLQ DGYDQWDJHV RI WKH V\VWHP FDQ EH PHQWLRQHG WKDW LWV VRIWZDUH HOLPLQDWHV WKH ULJLG ERG\
PRYHPHQWV IURP WKH DFTXLUHG LPDJHV DQG FRQVHTXHQWO\ LW FDQ EH DSSOLHG QRW RQO\ LQ KLJKDFFXUDF\ YLEUDWLRQ
LQVXODWHGODERUDWRU\ FRQGLWLRQVEXWDOVRLQQRUPDOZRUNLQJFRQGLWLRQV
)LJ7KH9,&' VHWXS>@
7KHSUHSDUDWLRQRIWKHWHVWHGREMHFWVSHFLPHQFRQVLVWV LQ VSUD\LQJLWZLWKDZDWHUVROXEOHSDLQWLQRUGHUWRREWDLQ
DQRQXQLIRUPGRWWHGVXUIDFH7KHGRWVZLOOSUHVHQWDQDUELWUDU\VL]HVKDSHDQGHPSODFHPHQW,QRUGHUWRREWDLQD
JRRGFRQWUDVWRIWKHGRWVWKHVXUIDFHZLOOEH FRORXUHG LQDGYDQFHZLWKDQRSSRVLWH FRORXUHG SDLQWHJLIRQHKDVWR
DSSO\EODFNSDLQW IRU WKHGRWV WKDQ WKHSULPHU KDV WREHDQRQUHIOHFWLQJZKLWH FRORXU RQHDQGYLFHYHUVD ,Q WKLV
ZD\RQHFDQDVVXUHGLIIHUHQWJUH\LQWHQVLW\RIHDFKSL[HOIURPWKHWHVWHGVXUIDFH
7KHQH[WVWHSRI WKHH[SHULPHQWVFRQVLVWVLQDQDGHTXDWHFDOLEUDWLRQXVLQJVRPHVSHFLDOWDUJHWVSODWHVSURYLGHG
ZLWKDZHOOGHILQHGDQGKLJKDFFXUDF\SRVLWLRQHGVHWRIGRWV
7KHFDOLEUDWLRQWDUJHWZLOOEHSRVLWLRQHGLQWKHSODFHRIWKHSURVSHFWLYHREMHFWDQGZLOOEHURWDWHGLQVSDFH)LJXUH

952   Daniel-Tamas Szava et al. /  Procedia Technology  19 ( 2015 )  950 – 957 
)LJ'LIIHUHQWVWDJHVRIWKHFDOLEUDWLRQSURFHVVRIHDFKFDPHUD
&RQVHTXHQWO\WKHVRIWZDUHZLOOEHDEOHWRLGHQWLI\ZLWKKLJKDFFXUDF\WKHHORTXHQWGRWVLQ'SRVLWLRQLQJDVLW
LVVKRZQLQ)LJXUH
)LJ 7KHH[WUDFWLRQRIWKHFDOLEUDWLRQSRLQWVIRUWKHVWHUHRFDOLEUDWLRQ
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$IWHUWKHFDOLEUDWLRQWKHWHVWHGREMHFWZLOOEHSODFHGLQWKHGHWHUPLQHGSRVLWLRQDQGWKHWZRFDPHUDVZLOOSHUIRUP
WKHLPDJHDFTXLVLWLRQLQD>QP@PDWUL[RISL[HOV
7KLVDFTXLVLWLRQZLOOEHSHUIRUPHGILUVWO\IRUWKHXQORDGHGVWDWHZKHUHRQHKDVWRGHILQH WKHDUHDRILQWHUHVWDQG
DIWHUIRUWKHORDGHGRQH
(DFKFDSWXUHGLPDJHE\WKHVHWZRFDPHUDVFRUUHVSRQGLQJWRWKHLQLWLDOVWDWHRIWKHREMHFWPRUHH[DFWO\RQO\
WKHSUHGHILQHGDUHDRILQWHUHVWZLOOEHDQDO\]HGVWHSE\VWHSEDVHGRQWKHVFKHPDWLFGLDJUDPIURP)LJXUH
)LJ7KHPHDVXULQJSULQFLSOHEDVHGRQWKHVFDQQLQJSURFHGXUH>@
,Q WKLV UHVSHFW WKH SURJUDP DOORZV WKH SUHVHOHFWLQJ RI D 6XEVHW SULPDU\ FHOO VL]HV KHUH   SL[HOV
UHVSHFWLYHO\WKHVWHSPDJQLWXGHVWHSVL]HIRUPRYLQJWUDQVODWLRQRIWKH6XEVHWLQKRUL]RQWDODQGYHUWLFDOGLUHFWLRQ
)RU WKLV 6XEVHW WKH SURJUDP ZLOO HVWDEOLVK D XQLTXH JUH\FRGH FRUUHODWHG WR LWV PHGLDQ SL[HO KLJKDFFXUDF\ '
SRVLWLRQLQJ
%\DQDO\]LQJWKHZKROHLPDJHE\FURVVLQJRYHULWZLWKDSUHVHOHFWHGVWHSDQXPEHURISL[HOVHDFK6XEVHWFHOOV
ZLOOREWDLQDQRPLQDWHGXQLTXHKLJKDFFXUDF\VSDWLDOSRVLWLRQLQJDQGDOVRDXQLTXHJUH\FRGHWRR
$IWHUORDGLQJWKHWHVWHGVSHFLPHQIRUDOOFDSWXUHGLPDJHVRQO\LQWKHDUHDRILQWHUHVWRIFRXUVHWKHSURJUDP
ZLOOLGHQWLI\WKHQHZSRVLWLRQVRIWKHVH6XEVHWVE\SHUIRUPLQJDQDGHTXDWHFRPSDULVRQ
,QRUGHUWRSHUIRUPDQDGHTXDWHDQDO\VLVRIWKHFDSWXUHGLPDJHVWKHVRIWZDUHUHTXLUHVRQWKHUHIHUHQFHVWDWHRQH
VLQJOH SRLQW , PHDQ RQH 6XEVHW LGHQWLILFDWLRQ RQ WKH OHIW DQG ULJKW FDSWXUHG LPDJHV EDVHG RQ WKLV VLQJOH
LGHQWLILFDWLRQWKHVRIWZDUHZLOOSHUIRUPWKHLGHQWLILFDWLRQRIDOO6XEVHWVLQDOOFDSWXUHGLPDJHSDLUV
)RUHVWDEOLVKLQJWKHUHTXHVWHGGLVSODFHPHQWVVWUDLQVDVZHOODVWKHFRUUHVSRQGLQJPDLQVWUDLQVRQHFDQVHOHFWQRW
RQO\VLQJXODUSRLQWVEXWDOVROLQHVFXUYHVRUVPDOOUHFWDQJOHVWKHVRFDOOHG³YLUWXDOVWUDLQJDXJHV´VLPLODUO\ZLWK
WKHHOHFWULFDOVWUDLQJDXJHVURVHWWHVWKHVHOLQHVDQGFXUYHVZLOOKDYHDGHVLUHGQXPEHURIFRQVWLWXWLYHSRLQWVDORQJ
ZKLFKWKHSURJUDPFRPSXWHVWKH'GLVSODFHPHQWVDGHTXDWHVWUDLQVDQGPDLQVWUDLQV
7KHDFTXLUHGGDWDVHWRILPDJHVFDQEHUHDQDO\]HGDVPDQ\WLPHVDVRQHZLVKZLWKRWKHUOLQHVFXUYHVRUZLWK
RWKHU YLUWXDO VWUDLQ JDXJHV DQG FRQVHTXHQWO\ RQH DVVXUHV D UHSHDWDELOLW\ RI LGHQWLFDO LQLWLDO FRQGLWLRQV RI WKH
SHUIRUPHGH[SHULPHQW
'RHVQRWUHTXLUHH[SHQVLYHFRQVXPDEOHVRQO\VRPHZDWHUVROXEOH SDLQWVEODFNDQGZKLWHZKLFKFDQEHHDVLO\
FOHDQHGDIWHUWKHH[SHULPHQWV
%HLQJDFRQWDFWOHVVPHWKRG
x GXULQJWKHLQYHVWLJDWLRQVWKHUHLVQRLQIOXHQFHRQWKHDQDO\VHGSKHQRPHQRQ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x LW FDQ EH DSSOLHG WR D ODUJH VRUW RI PDWHULDOV KRPRJHQ\ XQKRPRJHQ\ LVRWURS\ RUWKRWURS\ DQLVRWURS\ OLNH
PHWDOVKXPDQERQHVKXPDQWLVVXHVZRRGEDVHGPDWHULDOVSODVWLFVRUFRPSRVLWHV
2WKHU VLJQLILFDQW DGYDQWDJH RI WKLV V\VWHP FRQVLVWV LQ LWV SRWHQWLDO DOORZLQJ D YHU\ KLJKDFFXUDWH DQDO\VLV
SUDFWLFDOO\ SL[HOE\SL[HO RI WKH LQYHVWLJDWHG VXUIDFH ZKLFK FDQQRW EH JXDUDQWHHG LQ WKH FODVVLFDO H[SHULPHQWDO
PHWKRGV7KLV HYDOXDWLRQDFFXUDF\FDQEHLPSURYHGE\VHOHFWLQJD]RRPHGYLHZLQJDUHDUHVSHFWLYHO\XVLQJKLJKHU
DFFXUDF\FDPHUDV
$OVR WKH VRIWZDUH RI 9,&' RIIHUV WKH IDFLOLW\ RI PRQLWRULQJ WKH REWDLQHG UHVXOWV HLWKHU LQ FRORU JUDSK
VLPLODUO\ ZLWK WKH )(0 DQDO\VLV UHVXOWV HLWKHU FDQ EH H[SRUWHG LQ ([FHOILOHV GHVWLQHG IRU GUDZLQJXS VHYHUDO
XVHIXOJUDSKV
,Q RUGHU WR RIIHU YDOLGDWLRQ RSSRUWXQLWLHV IRU QXPHULFDO DQDO\VLV RI WKH DQDO\]HG ERG\ LH WR YDOLGDWH WKHLU
QXPHULFDOPRGHOVWKH9,&'UHVXOWVWKHGLVSODFHPHQWILHOGDQGWKHVWUDLQILHOGIURPWKHLQYHVWLJDWHGVXUIDFHFDQ
VHUYH DV LQSXW GDWD IRU%RXQGDU\(OHPHQW0HWKRG UHVSHFWLYHO\ IRU)LQLWH(OHPHQWV0HWKRG GXH WR WKH IDFW WKDW
WKHUHLVWKHIDFLOLW\WRSHUIRUPDPHVKLQJRIWKHDUHDRILQWHUHVWZLWKDUHTXHVWHGGHQVLW\ZKLFKFDQEHILWWHGWRWKH
QXPHULFDODQDO\VLVPHVKGHQVLW\
7KHVHIDFLOLWLHVUHSUHVHQWLQFRQWHVWDEOH DGYDQWDJHVRIWKH9,&WRJHWKHUZLWKLWV'KLJKDFFXUDF\HYDOXDWLRQRI
WKHGLVSODFHPHQWV
&RQVHTXHQWO\DFFRUGLQJWRWKHDXWKRUV¶RSLQLRQWKLVH[SHULPHQWDOPHWKRGZLOOVHUYHLQWKHQH[WSHULRGDVDYHU\
XVHIXOWRRO DOVRLQGHQWDOLQYHVWLJDWLRQV
 7KH RULJLQDOWHVWLQJEHQFK
7KH DXWKRUV GHVLJQHG DQ RULJLQDO WHVWLQJ GHYLFH LQ RUGHU WRPRQLWRU WKH GLVSODFHPHQWV DQG VWUDLQV ZKLFK DUH
SURGXFHGLQWKHDUWLILFLDOPDQGLEOHGXULQJWKHPDVWLFDWLRQVLPXODWLRQ
)LJ7KHWHVWLQJEHQFK
7KHPDLQFRPSRQHQWVRIWKLVEHQFKDUHWKHORDGFHOO ZKLFKPRQLWRUVWKHUHDOORDGPDJQLWXGHDSSOLHGHLWKHU
E\PHDQVRIDQXQLYHUVDOWHQVLOHFRPSUHVVLRQPDFKLQHHLWKHUE\PHDQVRIDVSHFLDOORDGLQJIUDPHDVSHFLDOVFUHZ
IL[HGLQWRWKHORZHUSDUWRIWKHORDGFHOOZKLFKDFWVRQWKHLPSODQWXSSHUSDUW  WKHDUWLILFLDOPDQGLEOHREWDLQHG
E\5DSLG3URWRW\SLQJZKLFKLVO\LQJLQDVSHFLDOKDUGSODVWLFPDWHULDOEHGFDVWHGRQWKHSODWH DUHYROYLQJEDFN 
ZKLFK'SRVLWLRQLQJ DUH DVVXUHGE\PHDQRI WKUHH DGMXVWDEOH VFUHZV DQG D FHQWUDO VSKHULFDO SDUW  7KHVH ODWWHU
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FRPSRQHQWVDUHO\LQJLQVRPHFRUUHVSRQGLQJKHPLVSKHULFDOEHGVDOOLQFOXGHGLQDULJLGVWHHOSODWHZKLFKDOORZV
WKHPWREHVPRRWKO\DGMXVWHG7KHFHQWUDOVSKHULFDOSDUWSUHVHQWVLQLWVXSSHUVLGHDIL[LQJVFUHZLQRUGHUWR IL[ WKH
REWDLQHGURWDWHGSRVLWLRQLQJRIWKHSODWH  E\PHDQVRIWKHGLIIHUHQWOHQJWKVRIWKHVFUHZV&RQVHTXHQWO\GXULQJ
WKHORDGLQJRIWKHPDQGLEOHWKHV\VWHPZLOOSUHVHQWDVWDEOHVSDWLDOSRVLWLRQLQJ
,QILJXUH LVVKRZQWKHZKROHDVVHPEO\FRQVLVWLQJRI ORDGLQJ IUDPH  WKH9,&V\VWHP  UHVSHFWLYHO\ WKH
HLJKWFKDQQHOVHOHFWULFVWUDLQJDXJHPHDVXULQJXQLW 
%HIRUHWKHH[SHULPHQWVWKHIL[LQJVFUHZRIWKHVSKHULFDOFHQWUDOSDUWLVGLVFKDUJHGRIORDGVWUHVVUHOLHYHGLQRUGHU
WR DOORZDQ HDV\'SRVLWLRQLQJRI WKHSODWH  E\PHDQV RI WKH WKUHH DGMXVWDEOH VFUHZV VHH ILJXUH$IWHU D
SUHFLVH'SRVLWLRQLQJRIWKHSODWH WKHDERYHPHQWLRQHGIL[LQJVFUHZLVWLJKWHQHG&RQVHTXHQWO\RQHFDQREWDLQ
DQ DGHTXDWH'SRVLWLRQLQJRI WKH LPSODQW LQ UHODWLRQZLWK WKH ORDG FHOO YHUWLFDO SRVLWLRQ DQG KHQFH DQ DGHTXDWH
PDVWLFDWLRQ IRUFH GLUHFWLRQ RQ WKH LPSODQW 7KH RULJLQDO WHVWLQJ EHQFK DOORZV URWDWLRQV RI WKH SODWH  LQ RUGHU WR
REWDLQYDULRXVPDVWLFDWLRQGLUHFWLRQVDSSUR[LPDWHO\ േ͵Ͳι FRPSDUHGWRWKHYHUWLFDOGLUHFWLRQ
)LJ 7KH DVVHPEO\RIWKHPHDVXULQJV\VWHP
 6RPHSUHOLPLQDU\UHVXOWV
7KH DXWKRUV KDYH UHFHLYHG VRPH DUWLILFLDO PDQGLEOHV REWDLQHG WKURXJK 5DSLG 3URWRW\SLQJ IURP $%6 SODVWLF
PDWHULDO LQ ZKLFK ZHUH IL[HG LQ GLIIHUHQW ORFDWLRQV F\OLQGULFDOFRQLFDO VFUHZW\SH LPSODQWV IURP 3URWHWLP3OXV
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